On Farm B, 8.5 ± 5.7, and 1.3 ± 2.9 ppm at 1, 1.3, and 1.6 m, respectively 
INTRODUCTION
Nitrate contamination of ground water is a significant water problem in Oregon as in many states. According to the Oregon Department of Environmental Quality, 25% of the sampled groundwater areas in the state cannot support drinking water uses due to high NO 3 concentrations (Oregon Department of Environmental Quality, 2001 ). An additional 32% only partially support drinking water uses. Whereas contaminated areas have been identified in most parts of Oregon, coastal areas have not been assessed (Oregon Department of Environmental Quality, 2001 ). Leaching of fertilizers has been identified as one important source of NO 3 contamination of ground water.
Dairy operations in western Oregon commonly fertilize their pastures with manure and commercial fertilizer. Timing of application is critical because of its potential impacts on water quality, crop production, and manure handling costs (Sullivan et al., 2000) . Best management practices have been developed to guide operators in their application of manure, but the impacts of these management practices on NO 3 leaching or groundwater contamination are not completely understood. Research in Oregon has shown NO 3 utilization to be very high in fertilizer trials done during wet periods when N was applied agronomically (Bohle et al., 2000) . Additionally, pastures in Oregon have shown the potential to take up over 500 kg N/ha annually (Downing and Leonnig, 2002) .
Researchers in the United Kingdom and Western Europe have conducted numerous studies on cool season grass fertilization (Whitehead, 1995) . Generally, there was a linear relationship between N application and N uptake. Manure N was 20 to 50% as efficient as commercial fertilizer in the year of fertilization (Whitehead, 1995) . Leaching losses from manure applied as slurry were less than 10% at an application rate of 300 kg N/ha (Steenvordan et al., 1996 [Au: Not in Lit. Cited. Check spelling and date.]). Greater productivity was documented in response to spring manure application compared with fall (Pain et al., 1986; Whitehead, 1995) . Leaching and denitrification accounted for most the losses from winter applications, and ammonia volitization was considered the most significant type of loss during the summer (Thompson et al., 1987) .
The objectives of this study were to understand the relationship between N applications and rainfall on NO 3 leaching past the root zone on 2 different dairy pastures throughout the year.
MATERIALS AND METHODS
Two test sites were established in dairy pastures on typical commercial dairy farms. Farm A applied twice the N annually (600 kg/ha) as farm B (300 kg/ha), with both farms applying N at estimated agronomic rates. Both farms applied manure at these approximate rates for 3 yr prior to the start of the study, and each site had been used as dairy pastures for decades. Pasture productivity differences from farm A to farm B were due to a combination of more productive soils, high intensity grazing, irrigation, and increased fertility.
Pastures on farm A were planted in a 2.5 ha pasture with a mix of orchardgrass (Dactylis glomerata) and ryegrass (Lolium multiflorum) and were on predominantly deep loam soil. Farm A conducted intensive grazing with 200 Holstein cows throughout the growing season and rotated 11 times annually starting March 15 and ending October 25. Each grazing period was 24 h. Forage removal was estimated using a rising plate meter (FarmTracker, Feilding, New Zealand) and calibrated by clipping and weighing subsamples. Manure was applied with a big gun (Evergreen Manufacturing, Brooks, OR) 4 times throughout the season at a rate of 75 kg N/ha. Urea was applied 3 times at the rate of 60 kg N/ha, and grazing was estimated to deposit 120 kg N/ha for the year.
Farm B pastures were 2 ha and were planted with a combination of ryegrass (Lolium multiflorum) and tall fescue (Festuca arundinacea). The pastures were located on clay-loam soils and were developed as part of a diked wetland pasture system. Farm B conducted rotational grazing with 105 Jersey and Jersey-Holstein crossbred cows with approximately 8 annual 24-h grazings starting April 1 and ending September 30. Forage removal was estimated using a rising plate meter (FarmTracker) and calibrated by clipping and weighing subsamples. Manure was applied with a honey wagon (Balzer Equipment, Portland, OR) 2 times throughout the season at a rate of 75 kg N/ha. Urea was applied 3 times at the rate of 40 kg N/ ha, and grazing was estimated to deposit 60 kg N/ha annually.
A total of 9 sampling wells (suction lysimeters, Soil Moisture Equipment Corp., Santa Barbara, CA) were installed at depths of 1, 1.3, and 1.6 m below the surface of each pasture. Each depth was replicated 3 times at each site. Water samples were taken out of all 18 samplers every 2 wk and analyzed for NO 3 starting in January and ending in December that same year. Sampling devices were located in the center of operational fields and were protected with metal covers to avoid damage by grazing animals. The location or presence of the sampling devices did not appear to influence or alter grazing behavior. Soils tests were taken the first of September to establish a NO 3 level at the end of the traditional growing season and before the first fall rains.
RESULTS AND DISCUSSION
Farm A applied a total of 600 kg N/ ha throughout the year with a combination of manure and commercial fertilizer, equaling the estimated amount of N utilized by the pastures. Water testing showed NO 3 -N concentrations averaged 15.2 ± 12.2, 6.5 ± 6.9, and 2.9 ± 3.6 ppm at 1, 1.3, and 1.6 m, respectively. Figure 1 illustrates NO 3 levels starting in January with the first sampling period and continuing every other week throughout the year. Nitrate levels at all 3 sampling depths continued to drop from January into mid-April (sampling period 8). Nitrate levels at all depths were above the 10-ppm level at the beginning of the year and dropped below 10 ppm during the summer months. The concentration of 10 ppm is considered an important value because it is an accepted standard for drinking water by the United States Environmental Protection Agency (USEPA, 2007) [Au: is this the correct location for this reference?]. No standard has been developed for shallow ground water. Soil NO 3 was tested at the beginning of September during sampling period 17. The 30-cm soil tests showed soil NO 3 levels at 42 kg/ ha.
Immediately following soil testing, fall rains occurred and NO 3 levels increased dramatically at all 3 depths. It has been estimated using soil survey information that rain events greater than 10 cm have the potential to move NO 3 down to the next sampling level. The shallowest wells at 1 m averaged 50 ppm of NO 3 , followed by 25 ppm at 1.3 m and only 10 ppm and 1.6 m. As winter progressed, all water samples from all depths dropped below the 10-ppm level.
Farm B NO 3 -N concentrations averaged 13.8 ± 8.5, 8.5 ± 5.7, and 1.3 ± 2.9 ppm at 1, 1.3, and 1.6 m, respectively. Figure 2 illustrates NO 3 concentrations across the calendar year. Nitrate N concentrations at the 1-m level were highly variable throughout the season but lower than farm A. Farm B recorded higher average NO 3 -N levels at the 1.3-m level. Water NO 3 levels dropped for farm B throughout the growing season until sample period 13, and it remained extremely low the rest of the year. It was hypothesized that at this level the sampler had reached the top of the water table and dilution influenced the concentrations observed. This site was on a diked wetland pasture and the fall precipitation saturated the soil profile. Soil NO 3 values taken at the beginning of September were 28 kg/ha. No relationship between farming activity and NO 3 movement was noted.
IMPLICATIONS
This project has increased the understanding of NO 3 movement through the soil profile in dairy pastures. In both farms studied, it was clear that heavy rainfall in the fall of the year appeared to be the only factor influencing N movement past the root zone. Although farm A had higher numerical NO 3 values, this project indicated that 2 dairy farms with significantly different fertilizers applications and management intensities could operate and have similar levels of NO 3 past the root zone. Nitrate levels at 1.6 m were already below the drinking water standard of 10 ppm set by the United States Environmental Protection Agency for most of the year. Ultimately, reducing NO 3 surpluses in the upper soil profile by ideally matching NO 3 availability with crop utilization appears to be the most significant management approach to reduce the migration of NO 3 past the root zone.
